We wanted to compare survey responses from members of a national practice-based research network (PBRN) with those of a larger sample of family physicians to assess the generalizability of fi ndings from the PBRN to the larger physician population.
INTRODUCTION
T he most systematic investigations concerning primary care have been conducted in practice-based research networks (PBRNs). PBRNs appeared in the United States in the late 1970s. 1 The Ambulatory Sentinel Practice Network (ASPN) was the fi rst well-recognized national PBRN, established in 1978. 1 During the past decade the number of federally registered primary care PBRNs has grown rapidly to more than 110. 2 Based on prior accomplishments of PBRNs, Green has argued that "the feasibility of these networks has been established." 3(p16) Recognizing this viability, the Agency for Healthcare Research and Quality (AHRQ) funded 4 rounds of infrastructure grants between 2000 and 2003 to existing and developing networks. fi ndings is possible only to the extent that study clinicians and their practice patterns or their patients are representative of the universe of primary care clinicians. 4 Yet, representativeness of PBRN clinicians cannot be assumed. Nutting et al assert that "the clinicians in these networks are volunteers…. This voluntary nature of the organization creates the potential for selection and observer bias in the studies conducted in networks." 5(p278) Wetzel et al have also reported significant differences in demographic characteristics of family physicians willing to participate in a quality improvement study compared with nonresponders. They question whether network-based studies can be generalized. 6 Stange has stated that PBRN physicians are likely to be systematically different from the average clinician. 7 This view is repeated by Croughan 8(p30) : "physicians who participate in research and/or practice-based research networks are different from physicians who do not participate." As Croughan is quick to acknowledge, however, the diffi culty is in "delineating and describing those differences." Nutting et al argue: " [T] here remains strong reason to suspect that physicians who devote substantial portions of their time to research are not completely typical of the larger universe of family [and primary care] physicians." 5(p282) Further, Stange asserts that studies of PBRN physician behavior are likely to be biased toward higher standards of care than studies of a representative sample of non-PBRN physicians. 7 Thus, PBRN studies that evaluate care practices, including clinician responses to patient problems, recognition of disease, and natural history studies where an intervention is part of the analysis, all depend on the generalizability of PBRN clinicians.
Research Question and Hypothesis
To gain a better understanding of the comparability of PBRN physicians' clinical decision making with nonnetwork physicians, direct comparisons are needed in studies that enroll both groups of physicians. This work is based on 3 studies conducted by the American Academy of Family Physicians National Research Network (AAFP NRN) in which survey data were collected from both independent random samples of AAFP active members and AAFP NRN physician members. Using these 3 data sets, we address the question: To what extent are AAFP NRN physicians representative of the larger population of family physicians with respect to their self-reported clinical practices, behaviors, knowledge, and beliefs about selected clinical issues? Based on the work of Croughan, 8 Nutting et al, 5 and Stange, 7 we hypothesize that self-reported practice patterns, knowledge, and beliefs about clinical care issues between these 2 groups will differ.
METHODS

The Surveys
The AAFP NRN conducted 3 national surveys used for this analysis: hepatitis C survey (2003), 9 hyperlipidemia survey (2003) (2004) , 10 and pharyngitis survey (2004).
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For each survey, a random sample of participants was selected from AAFP active members identifi ed within the AAFP Member Master Database. This database contains demographic information on all AAFP members. A second set of participants for each survey consisted of all physician members of the AAFP NRN (Table 1) . Approximately 90% of AAFP NRN members belong to the AAFP, thus the AAFP NRN represents a subset of the AAFP membership. AAFP NRN members who also were members of the AAFP were excluded from selection into the AAFP sample-they could not be in both surveyed groups. The specifi c methods and results from these surveys have been published.
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The sizes of the AAFP random samples were either 1,000 (pharyngitis survey) or 1,200 active members residing in the United States. Two samples were restricted to physicians who reported spending at least 50% of their time in direct patient care, and 1 (hepatitis C) was a proportional stratifi ed random sample (stratum 1 was 40% to 79% time devoted to patient care [15% of sample]; and stratum 2 was 80% to 100% in patient care [85% of sample]). Each survey was conducted independently of the others, and at the time, there was no plan to systematically compare the AAFP members to AAFP NRN physicians. The 3 samples of 1,000 to 1,200 AAFP members were large enough by conventional standards to describe the population within an acceptable margin of error for both 5-point Likert scale items (95% ± 0.12, estimated variance = 2.0) and dichotomous survey items (95% ± 4.0%, estimated P = .50), assuming a 50% response rate, which was achieved for each survey. After the fi rst survey instrument was administered by mail, nonrespondents received 2 follow-up mailings (cover letter, survey instrument, postage-paid return envelope)-the exception being the hyperlipidemia survey to AAFP NRN members, which had no follow-up mailings.
Accounting for Missing Data
We selected 14 demographic characteristics from the AAFP Member Master Database for comparing AAFP survey respondents with the AAFP population; these data are shown in Supplemental Table 1 (available at http://annfammed.org/cgi/content/full/7/6/547/ DC1). Missing data per demographic factor for each survey ranged from 0% to 4%, with only 4 items (9.5%) across the 3 population databases having greater than 1% with data missing.
Although there are alternative techniques for imputing missing data and ongoing debates [12] [13] [14] [15] [16] [17] concerning their use, we chose a straightforward approach to the imputation of missing data on both the categorical and continuous variables. We fi rst created a composite factor based on 7 demographic items for which no data were missing. These items included census region (4 categories) and 6 dichotomous components of practice variables (physician's practice includes coronary care unit, emergency room, intensive care unit, obstetrics, pediatrics, and surgery), where each variable's response categories were yes and no. Combining these 7 variables resulted in a composite with 28 categories, with each category representing a census region (1 to 4) and the number of practice components endorsed (0 to 6).
Each of the 5 categorical demographic items (Supplemental Table 1 , at http://www.annfammed. org/cgi/content/full/7/6/547/DC1, provides information about the physicians' sex, practice arrangement, practice base, practice location, and practice major owner), with missing data included as a category, was then cross-classifi ed separately with the composite variable. If a given resulting cell had missing cases, those specifi c cases were randomly assigned to a given category on the demographic variable in proportion to that category when missing cases were excluded. Thus, if sex had 10 missing cases for 1 of 28 cells and the proportion of men for that cell was 70%, then 7 of the missing cases were assigned randomly as men with the other 3 cases assigned as women. For the continuous variables of age and years in practice, individual means were calculated for each of the 28 cells on the composite factor. If there were missing cases on 1 of the continuous variables per category, those cases were assigned the mean for that category.
AAFP Respondents Compared With the AAFP Population
Before making comparisons between AAFP and AAFP NRN respondents, we assessed the comparability of the AAFP respondents to the larger AAFP population from which the random sample was selected for each survey across 15 demographic items. The results (Supplemental Table 2 , available at: http://annfammed. org/cgi/content/full/7/6/547/DC1) show that of the 45 demographic comparisons across the 3 surveys, the AAFP respondents differed from the larger population at the P <.10 level on 8 (18%) of these factors (3 for hepatitis survey, 3 for hyperlipidemia survey, and 2 for pharyngitis survey). Based on the results from the statistical comparisons (χ 2 goodness-of-fi t test for categorical variables, 18 and the 1-sample Z test for continuous variables), 19 the AAFP sample respondents' survey data were weighted to better represent the distributions from the AAFP population (weights available upon request). We elected not to weight the AAFP NRN response to the total AAFP NRN membership because of their much higher overall survey response rates, and because some members of the AAFP NRN were not members of the AAFP with the requisite data available from the AAFP Member Master Database.
Selection of Survey Items for Group Comparisons
The 3 survey instruments included several demographic items and 139 clinical questions (survey instruments available upon request). The topic areas of these clinical items are shown in Supplemental Table 3 , available online at http://annfammed.org/cgi/content/ full/7/6/547/DC1. Among the clinical questions, 76 (55%) that were considered by a clinician author (W.D.P.) as conceptually most closely related to selfreported clinical practices, behaviors, knowledge, and beliefs were initially selected for primary analysis. Ten were discarded because they lacked ample variation in responses from both AAFP respondents and AAFP NRN respondents, leaving 66 for comparison. The remaining 63 clinical items not directly related to the research question (such as availability of rapid testing for streptococcus infection) were excluded.
We limited our analysis of the 66 comparisons to (1) focus on clinical decision making and (2) remove items that would clearly not show differences between the 2 groups because they lacked variability in responses.
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Statistical Analysis
Statistical analysis was conducted using SAS 9.1 (Cary, North Carolina, SAS Institute Inc, 2003). For bivariate comparisons, we used χ 2 tests for categorical demographic and outcome variables and t tests for continuous variables. Differences are reported both at the P
Survey Approval
Each survey was approved as exempt by the Social Science Institutional Review Board of the University of Missouri-Kansas City. The research comparing AAFP members with AAFP NRN physicians across the 3 surveys was approved as exempt by the AAFP Institutional Review Board.
RESULTS
Response Rates and Demographic Comparisons
Response rates varied across the 3 surveys (Table 1 ). The AAFP mailings for the hepatitis C, hyperlipidemia, and pharyngitis surveys resulted in response rates of 53% (634), 58% (676), and 59% (583). The AAFP NRN response rates were 72% (174), 60% (155), and 71% (186). For both the hepatitis C and pharyngitis surveys, the AAFP NRN's response rates were statistically higher (P <.001) relative to the response rates of the AAFP members. This difference was expected because the AAFP NRN members had previously elected to contribute to research projects. The response rates were not statistically higher for AAFP NRN members for the hyperlipidemia survey (60% vs 58%), as there were no follow-up mailings to nonrespondents.
Comparisons of the AAFP with AAFP NRN respondents on selected demographic items from each survey are displayed in Table 2 . The demographic comparisons showing the largest and most consistent differences-although not all were statistically signifi cant at P <.05 level across the 3 surveys -were for percentage of time spent in direct patient care, practice location, practice type, and census region distribution. AAFP NRN physicians reported less time spent in direct patient care (P <.001), were more likely to represent urban areas and less likely to represent rural areas (P = .016 to .054), were more likely to work in a residency or university practice (P <.001), and were more likely to be from the Northeast and less likely to be from the Midwest (P = .006 to .099). AAFP NRN physicians also were older (P = .046 to .186), and had spent more years in practice (P = .015 to .067).
Bivariate Comparisons
For each survey, bivariate comparisons were conducted to detect statistical differences between the AAFP and AAFP NRN respondents on the 66 preselected survey items. The hepatitis C survey had the largest number of substantive comparisons with 45, of which 2 (4%) showed a signifi cant difference (P <.05) between the AAFP NRN and AAFP physicians (Table 3 ). The hyperlipidemia and pharyngitis surveys had signifi cant differences in 25% (2 of 8) and 31% (4 of 13) of comparisons, respectively, at this level. Overall, in 12% (8 of 66) of items across the 3 surveys, there was a signifi cant difference between AAFP NRN and AAFP physicians. After correcting statistically for multiple comparisons using the Bonferroni technique, only 4 (6%) of these differences remained (P ).001) (2 for hyperlipidemia and 1 for each other survey).
Multivariate Comparisons
Additional multivariate analyses were performed on the 8 substantive items from Table 3 that had statistically signifi cant differences at the P <.05 level. After controlling for the available demographic items within each survey, only 3 of 66 (5%) (1 from the hepatitis C survey and 2 from the hyperlipidemia survey) remained statistically signifi cant.
DISCUSSION
To our knowledge, this study is the fi rst to directly compare self-reported clinical behaviors and beliefs of PBRN network members-in this case members of the AAFP NRN-with sampled respondents representing the larger population of family physicians from which the great majority of network members come (in this case members of the AAFP). Moreover, our research compared PBRN members with their nonnetwork counterparts across 3 separate surveys representing diverse foci of clinical care-hepatitis C, hyperlipidemia, and pharyngitis. The results of these comparisons are consistent: there are few substantive differences observed between the 2 groups in their self-reported practice patterns, knowledge, and beliefs related to these 3 clinical areas. When controlling for the increased probability of a type 1 error across the 66 substantive comparisons and 3 surveys (ie, Bonferroni correction), the number of statistically signifi cant bivariate comparisons was reduced from 8 (12%) (P <.05) to 3 (5%) (P ≤.001). The multivariate analysis controlling for known demographic variables also reduced the number of statistically signifi cant comparisons from 8 to 3. These fi ndings indicate that the AAFP NRN physician members represent a good approximation of the AAFP membership as a whole in their self-reported practice patterns and clinical beliefs. Controlling for known demographic differences further reduces self-reported clinical differences. The question of representativeness and generalizability of PBRN study results to the larger population of primary care is of central importance for clinical and policy reasons. Nonetheless, this question has not been thoroughly addressed during the 3 decades of PBRN activity in the United States. According to Stange 7(p921) : "The main reason that the representativeness…is not frequently assessed is a practical one. If it were easy to study nonrespondents and others not included in a study sample, they would have been included in the sample to begin with. Obtaining access to nonrespondents or a measure that truly represents the population from which the study sample came is usually diffi cult and frequently impossible." This study presents direct comparisons between PBRN physician members (AAFP NRN) and the larger population of active AAFP members.
There were consistent differences between AAFP members and AAFP NRN members in selected demographic characteristics. The demographic differences thus highlight the need to look deeper into the clinical arena to determine whether these demographic differences extend to clinical care. Published studies vary on the representativeness of PBRN network clinicians, patient populations, or problems seen. Green et al showed that patient visits to physicians participating in the Ambulatory Sentinel Practice Network (ASPN) were generally representative of the larger population of primary care patient visits, 20 and Nutting et al found that services provided by ASPN practices were similar to those offered by non-PBRN practices. 5 Binns et al compared the provision of selected services between PBRN members and data collected as part of the National Ambulatory Care Survey (NAMCS) and showed a number of differences between the 2 groups. 21 The instruments were not the same, however, and the PBRN members included a much higher percentage of pediatricians than does NAMCS. Thus, the differences shown in the Binns et al project are diffi cult to interpret as PBRN vs non-PBRN physician differences or data collection and sampling frame differences.
The results of the current research, coupled with earlier work reported by Green et al 20 and Nutting et al, 5 support the overall conclusion that the AAFP NRN is representative of the larger population of family physicians represented by the AAFP in terms of clinical beliefs and self-reported clinical practices. Thus, the results of research conducted in the AAFP NRN, after controlling for known demographic variables, can be generalized to the larger arena of family medicine, including its clinicians, patients, and patterns-of-care delivery.
These 3 sets of study results suggest that the 2 groups are not likely to differ systematically in other clinical areas (eg, depression care), although these results do not preclude such differences. Furthermore, whereas this body of work does not immediately translate to regional networks, it at least questions the contention by Croughan, Nutting, and others that PBRN members, in general, have clinical behaviors and beliefs that are different from those of nonmembers who practice in similar settings.
There are limitations to this research. First, although there were responses to many items from 3 separate surveys on which to base the statistical comparisons between the AAFP membership and AAFP NRN physicians, the similarities between their responses may simply be fortuitous. Other clinical areas (diabetes, depression) might show a greater number of differences in practice patterns, knowledge, and beliefs between the 2 groups. Regional PBRNs, particularly those with selected membership requirements, such as only in Federally Qualifi ed Health Centers or within a single medical organization, might differ more widely from the universe of primary care physicians.
Second, the 66 specifi c items selected for comparing the 2 physician groups might well have been biased in favor of not fi nding many statistical differences. When we conducted the analysis using all 129 (66 + 63) clinical items with suffi cient variability across the 3 surveys, however, the results did not substantially change-19% (9 of 77 for hepatitis C survey, 7 of 21 for hyperlipidemia survey, and 8 of 31 for pharyngitis survey) were found statistically signifi cant (P <.05); after using the Bonferroni correction, 6 (5%) of these differences remained (P ≤.001).
Third, respondents may not have understood all survey questions posed to them and consequently responded to idiosyncratic interpretations of certain questions. Because these surveys were conducted by mail, respondents did not have an opportunity to ask for clarifi cation. Comparable responses thus do not guarantee similarity of interpretation or meaning, though there is no reason to suspect that AAFP NRN members would systematically interpret questions differently than AAFP members. Fourth, whereas the response rates for AAFP-sampled members were relatively high for physician surveys (average response 57%), the results may not refl ect the practice patterns and beliefs of nonrespondents. To account for this discrepancy, AAFP respondents' results were weighted to better refl ect the full AAFP membership, though this weighting had little effect on the full membership survey results. Finally, this study focused on self-reported care patterns, which may vary greatly from actual care patterns 22 and may not vary uniformly between AAFP NRN members and the AAFP membership. We did not obtain information on the actual practice patterns of surveyed physicians.
The Institute of Medicine's report on primary care published in the mid-1990s highlighted practice-based research networks for their potential to study and understand primary care. 23 The results of this research and that reported by Green et al 20 and Nutting et al 5 lend credibility to this statement. Our analysis of these 3 studies has shown that physician member volunteers of a national PBRN are more similar than not to their nonnetwork counterparts in their self-reported clinical practice patterns, knowledge and beliefs, and patients.
To read or post commentaries in response to this article, see it online at http://www.annfammed.org/cgi/content/full/7/6/547.
